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A B S T R A C T
Resistant starch (Hi-maize) at a concentration of 1% was used for the microencapsulation
of Lactobacillus acidophilus in alginate beads. Moist and freeze-dried microparticles were ob-
tained. The addition of prebiotics did not increase the size of the moist particles. By contrast,
the freeze-dried microparticles of alginate and alginate + Hi-maize had diameters of 114.51
and 78.49 µm, respectively. The Hi-maize provided better protection for the probiotics after
exposure to simulated gastrointestinal juice for both the moist and the freeze-dried
microparticles. Regarding the viability of the probiotic culture during storage, both treat-
ments proved to be viable, with suitable values conferring probiotic effects (<6 log CFU g−1),
with at least 30 days of stability in the freeze-dried form and 135 days in the moist form,
both under storage at room temperature (25 °C).
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
The application of probiotic microorganisms to foods has in-
creased as a way to increase their nutritional and therapeutic
values (Homayouni, Azizi, Ehsani, Yarmand, & Razavi, 2008;
Luckow & Delahunty, 2004; Muthukumarasamy & Holley, 2006;
Nebesny, Zyzelewicz, Motyl, & Libudzisz, 2006; O’Sullivan, 2001;
Zanjani et al., 2012).To be considered as probiotic, strains should
provide adequate viability (106–108 colony forming units
(CFU)/mL) during processing and storage as well as be resis-
tant to adverse gastrointestinal conditions, although this
viability depends on the type of strain used (Burgain, Gaiani,
Linder, & Scher, 2011).
However, the introduction and maintenance of these micro-
organisms in functional foods are technological challenges, since
they cannot survive in sufficient numbers when subjected to
certain conditions, including storage at low temperatures
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and passage through the human gastrointestinal tract
(Hamilton-Miller, Shah, & Winkler, 1999; Kailasapathy & Rybka,
1997).
Studies have shown that microorganisms can be signifi-
cantly protected by microencapsulation and immobilization on
a variety of substrates, including milk proteins and polysac-
charides (Ross, Desmond, & Stanton, 2005). Thus, cells remain
within an encapsulating matrix, favouring the viability of bac-
teria during processing, storage, and passage through the
gastrointestinal tract (Doleyres & Lacroix, 2005). Several mi-
croencapsulation methods have been reported to protect
probiotic bacteria from hostile environmental conditions, in-
cluding extrusion and emulsion techniques (Anal & Singh, 2007;
Homayouni et al., 2008; Özer, Uzun, & Kirmaci, 2008).
Sodium alginate is a polymer widely used as encapsulat-
ing material, since it forms a highly versatile, biocompatible,
and non-toxic matrix for the protection of active ingredients,
especially probiotic strains, against process factors and storage
conditions such as heat, pH, and dissolved oxygen (Pasin,
Azón, & Garriga, 2012). Although sodium alginate is suitable
for encapsulation, the gel formed is sensitive to extreme pH
values, which can affect both the release and the protection
of the encapsulated material (Mortazavian & Sohrabvandi,
2007). There are several ways to overcome this obstacle and
improve the stability of microorganisms such as the addi-
tion of prebiotics including resistant starch in the formu-
lation of the microparticles (Chen, Chen, Liu, Lin, & Chiu,
2005).
Resistant starch is a small starch fraction resistant to di-
gestion, and it can be fermented by the healthy microflora in
the large intestine. By having attractive characteristics for the
food industry, such as being from a natural source, possess-
ing a mild taste, and presenting a white colour and low water
retention capacity, it is considered as a valuable supplement
in the formulation of various types of functional food
(Homayouni et al., 2013).
The use of resistant starch in the microencapsulation of
probiotics has solved some technological problems such as the
controlled release of bioactive molecules, thermal stability, and
increased shelf life of sensitive compounds (Mirzaei, Pourjafar,
& Homayouni Rad, 2011). Furthermore, when resistant starch
is used in conjunction with alginate, it can promote a syner-
gistic effect on gelation, providing further protection to probiotic
cells (Ding & Shah, 2009; Etchepare et al., 2016; Fahimdanesh,
2012; Jankowski, Zielinska, & Wysakowska, 1997; Kailasapathy,
2006; Mirzaei, Pourjafar, & Homayouni, 2012; Zanjani et al., 2012)
and producing particles with integrated structures and prebi-
otic effects (Homayouni et al., 2008). However, controversial
results were found by Kailasapathy and Masondole (2005), who
microencapsulated probiotic bacteria (Bifidobacterium lactis and
Lactobacillus acidophilus) in alginate and starch and found no
protective effect of the microcapsules on the bacteria after seven
weeks of storage.
Therefore, further investigations are needed to under-
stand the role of Hi-maize in the stability of probiotics
encapsulated in alginate gel by the extrusion technique. In-
formation about the performance of microcapsules containing
Hi-maize under different conditions is thus needed, includ-
ing stability in the gastrointestinal tract and under different
temperature and storage conditions.
In this study, an evaluation of the effect of resistant starch
(Hi-maize) on the viability of L. acidophilus microencapsu-
lated with sodium alginate in the simulated digestive system
and under different storage temperatures was performed. Dried
and moistened microcapsules of L. acidophilus were evalu-
ated to quantify their mean diameter and size distribution as
well as characterize their morphology.
2. Materials and methods
2.1. Inoculum
The probiotic culture L. acidophilus La-14 (Danisco, Madison, USA)
was activated in MRS broth (Himedia, Curitiba, Paraná, Brazil)
and incubated for 15 h at 37 °C. Afterwards, it was centri-
fuged at 4670 g for 15 min and washed in NaCl solution (0.85%).
The cells were then suspended in saline to obtain a solution
containing about 10 log CFU g−1.
2.2. Production of microparticles
Microparticles were produced according to the extrusion tech-
nology developed by Liserre, Ré, and Franco (2007), with
adaptations. For that, an aerograph (size of nozzle: 0.3 mm,
model EW 110) was coupled to an air compressor (model MB24/
BV), with an air pressure of 2.72 kgf/cm2 and a 30 cm height
between the atomizing nozzle and CaCl2 solution. Two solu-
tions containing 1% sodium alginate (Vetec, Rio de Janeiro,
Brazil) were prepared, the first containing only sodium algi-
nate (ALG) and the latter containing sodium alginate + 1%
prebiotic Hi-maize (National Starch, Bridgewater, USA) (AHM).
After the complete dispersion of the polymers, L. acidophilus
strains were added, and the solutions (ALG and AHM) were
sprayed in 0.1 M CaCl2 (Vetec, Rio de Janeiro, Brazil).
The particles were stirred for 30 min in the CaCl2 solution
to ensure complete gelation, and then removed from the so-
lution using a sterilized sieve (50 µm) and washed with sterile
distilled water.
An amount of moist microparticles was stored in sterile vials
with lids (ALGU = moist microparticles of sodium alginate;
AHMU = moist microparticles of sodium alginate + Hi-maize)
and the remaining was freeze-dried in a Liotop Lyophilizer
(model L101) for 24 h and subsequently stored in sterile vials
with lids (ALGL = freeze-dried microparticles of sodium algi-
nate; AHML = freeze-dried microparticles of sodium
alginate + Hi-maize).
2.3. Morphological characterization of the microparticles
by optical and scanning electron microscopy
Optical microscopy of the moist microparticles was per-
formed using a microscope (MDL-150-TPI) and a digital camera
(Samsung 14.2) for image capture.The morphology of the freeze-
dried microparticles was evaluated using a scanning electron
microscope (JEOL, JM6360). The microcapsules were mounted
on aluminum stubs using a double-sided adhesive tape and
then sputter coated with a thin layer of gold.
322 J o u rna l o f Func t i ona l F ood s 2 1 ( 2 0 1 6 ) 3 2 1 – 3 2 9
2.4. Evaluation of the mean diameter and size
distribution of the microparticles
The average size of the moist and freeze-dried microparticles
was measured by using Mastersizer equipment 2000 (Malvern,
Alemanha).
2.5. Viable cell count
Serial dilutions were transferred to sterile Petri plates con-
taining MRS agar (Himedia Curitiba, Paraná, Brazil), in triplicate.
Plates were anaerobically incubated at 37 °C for 72 h in jars with
a gas generator envelope (Oxoid, São Paulo, Brazil). For the di-
lution of the microparticles, 1 g of moist microparticles or 0.1 g
of freeze-dried microparticles was weighed, and 9 mL of sterile
phosphate buffer solution (pH 7.5) was added according to the
methodology described by Sheu, Marshall, and Heymann (1993).
The results were expressed as log CFU g−1.
2.6. Survival of microencapsulated L. acidophilus La-14
under different simulated gastrointestinal conditions
This analysis was performed according to the method de-
scribed by Liserre et al. (2007) with modifications. For that, 1 g
of moist microparticles or 0.1 g of freeze-dried microparticles
and 100 mL 1M HCl pH 1.8 were mixed. Then, 3 g L−1 pepsin
(pepsin from porcine gastric mucosa P7000, Sigma-Aldrich, St.
Louis, MO, USA) and 0.9 mg L−1 lipase (lipase from porcine pan-
creas 62300, Sigma-Aldrich, St. Louis, MO, USA) were added,
and the mixture was incubated at 37 °C/150 rpm/min for 2 h
under continuous stirring in a refrigerated incubator shaker
(TE-421).
Subsequently, the pH of the samples was adjusted to 5.0,
and 1 g L−1 bile (bovine bile B3883-25G, Sigma-Aldrich, St. Louis,
MO, USA) and 0.1 g L−1 pancreatin (pancreatin from porcine pan-
creas P3292, Sigma-Aldrich, St. Louis, MO, USA) were added and
incubated at 37 °C for 2 h/150 rpm/min.
Finally, pH was adjusted to 7.5, and the bile and pancre-
atin concentrations were kept constant. The samples were
incubated at 37 °C for 2 h/150 rpm/min under continuous stir-
ring to a total of 6 hours of analysis.
Counts were performed after 5, 30, 120, 125, 150, 240, 245,
270, and 360 min of incubation. Serial dilutions were made as
described in Section 2.5.
2.7. Viability of the microparticles during storage at
different temperatures
The moist (U) and freeze-dried (L) microparticles were stored
in room temperature (25 °C), refrigerated (7 °C), and frozen
(−18 °C) conditions for 120 and 60 days in closed and sterile
vials, respectively.
2.8. Statistical analysis
A completely randomized design was used. Data were analysed
by ANOVA and when significant (p < 0.05), the Least Signifi-
cant Difference test was performed using the Duncan Test
Statistical Analysis System.The presented values were the mean
of the triplicate analysis ± standard deviation.
3. Results and discussion
3.1. Morphological characterization of the microparticles
by optical and scanning electron microscopy
In general, the moist microparticles were spherical, with the
core material distributed throughout the matrix (Fig. 1). As seen
in the optical micrographs, alginate particles and microorgan-
isms were observed in the interior of the microparticle,
characterizing it as a matrix type, once the active material (mi-
croorganisms) had been located inside the particle rather than
in the centre (Azeredo, 2005; Jafari, Assadpoor, He, & Bhandari,
2008). Thus, the microencapsulation of L. acidophilus La-14 was
effective for both treatments.
The morphology of the freeze-dried microparticles exam-
ined by scanning electron microscopy (Figs 2 and 3) showed
Fig. 1 – Optical microscopy of both alginate and alginate + Hi-maize microparticles (a) alginate microparticle, in which the
number 1 shows the sodium alginate in the interior of the particle, and the number 2 indicates the microorganism within
the particle (100×); (b) AHM microparticles, in which number 1 shows the sodium alginate in the interior of the particle, and
the number 2 shows the prebiotic Hi-maize (60×). Pictures are representative of triplicates.
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high agglomeration among the particles and a variety of par-
ticle size distribution for both treatments.
Veelken and Pape (1984) reported that the sharp dehydra-
tion of freeze-dried polysaccharide gels can lead to the
formation of a porous matrix, similar to a sponge. In the freeze-
drying process, the microcapsules were subjected to low
temperatures, leading to the formation of ice crystals and
ice crystal sublimation under reduced pressure, resulting
in a porous dry product (Dolly, Anishaparvin, Joseph, &
Anandharamakrishnan, 2011). The microparticles containing
Hi-maize of this study were more agglomerated compared with
the alginate microparticles.
3.2. Mean diameter and particle size of the microparticles
The use of Hi-maize in the microencapsulation process did not
affect the diameters of the moist microparticles. The moist
microparticles of the treatments (ALGU and AHMU) exhib-
ited mean diameters of 55.13 µm and 55.56 µm, respectively.
Krasaekoopt and Watcharapoka (2014) and Chavarri et al. (2010)
observed an increased diameter in microparticles containing
prebiotics (galacto-oligosaccharides and inulin/quercetin, re-
spectively). No significant changes were observed in the particle
size of the microparticles, probably due to the prebiotics con-
centration of 1% associated with the type of compound used
(Hi-maize).
In the present study, the freeze-dried microparticles (ALGL
and AHML) had mean diameters of 114.51 and 78.49 µm, re-
spectively. Structural changes caused by the freeze-drying
process are often found to increase pore size (Nakagawa,
Iwamoto, Nakajima, Shonob, & Satohb, 2004), allowing fast and
complete rehydration (Fellows, 2006). Therefore, the freeze-
dried microparticles quickly swelled after immersion in water,
thus acquiring sizes larger than the moist microparticles not
subjected to the freeze-drying process.
For the ALGL treatment containing only alginate, the
high diameters were characteristic of polysaccharide gel
microparticles due to their high water retention capacity,
which may explain the difference in size observed in these
microparticles. Chemical side groups such as COO– and SO3
in polysaccharides can interact with water molecules via hy-
drogen bridges (Crouzier, Boudou, & Picart, 2010).
Fig. 2 – Morphology and microstructure of the freeze-dried microparticles with alginate matrix (ALG), obtained by scanning
electron microscopy. (a) Microparticle surface showing microorganisms, number 1 indicates the microorganism within the
particle (6500×); (b) Particles distribution (35×). Pictures are representative of triplicates.
Fig. 3 – Morphology and microstructure of the freeze-dried microparticles with alginate matrix and Hi-maize (AHM),
obtained by scanning electron microscopy. (a) Particles distribution (90×); (b) Particles distribution (650×). Pictures are
representative of triplicates.
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Few changes were observed for the diameters of the freeze-
dried microparticles of the AHML treatment compared with
ALGL. This may be due to the tendency of starch amylose mol-
ecules to align themselves parallel in the presence of moisture
or water molecules, forming hydrogen bridges between adja-
cent hydroxyl polymers and thus reducing the polymer water
affinity (Shimazu, Mali, & Grossmann, 2007).
3.3. Survival of microencapsulated L. acidophilus La-14
under simulated gastrointestinal conditions
As shown in Table 1, when comparing the moist microparticles
of the ALGU and AHMU treatments, after increasing the pH from
1.8 to 5.0, and then from 5.0 to 7.5, the number of viable cells
was 6 log CFU g−1, which is within the requirements for probiotic
benefits.
After 360 minutes, log reductions of 3.67 and 3.01 were ob-
served for the ALGU and AHMU microparticles, respectively,
with significant differences between the treatments.The AHMU
treatment presented a little loss of viability during the simu-
lated conditions of the gastrointestinal tract. The addition of
prebiotics increased bacteria resistance to low pH and bile salts
in the simulated digestive system, resulting in a higher number
of viable cells in the microparticles containing prebiotics.
Chen et al. (2005), Krasaekoopt and Watcharapoka (2014),
and Hassan, Nawaz, and Rasco (2014) also reported higher bac-
teria survival in alginate microcapsules containing prebiotics
(fructo-oligosaccharides; galacto-oligosaccharides/inulin,
fructo-oligosaccharides, monosaccharides, and galacto-
oligosaccharides, respectively) subjected to simulated gastric
juice compared with alginate microparticles without prebiotics.
With respect to the viability of the freeze-dried microparticles,
after two hours of exposure to simulated gastric conditions at
pH 1.8, lower populations of L. acidophilus La-14 were ob-
served, thus demonstrating that a slight release of the capsule
may have occurred due to the lower pH, as can be seen in Table 2.
All treatments were resistant to acidic pH once the in-
creased release of the capsule and consequently higher bacterial
counts were observed by increasing pH. The AHML treatment
showed the best stability (5.81 ± 0.04 log CFU g−1) to the simu-
lated gastrointestinal conditions (p < 0.05), evidencing the
effectiveness of the addition of prebiotics in the alginate mi-
crocapsules. Chan (2011) observed a 4 log reduction in the
viability of freeze-dried Lactobacillus casei microparticles ob-
tained by extrusion with alginate and a reduction of 1.5 to 2
log CFU g−1 when starch was used together with the alginate.
In the freeze-dried microparticles, the recovery of viable cells
was ineffective once the initial counts before the in vitro tests
were already reduced due to the freeze-drying process. Probiotic
bacteria are sensitive to freeze-drying due to the deteriora-
tion of the physiological state of the cell. To reduce the osmotic
difference with the external environment, a cryoprotectant can
be used, which accumulates within the cells (Kets, Teunissen,
& De Bont, 1996) or surrounds the cell to improve cold tolerance.
Sultana (2000) used glycerol as a cryoprotectant agent at dif-
ferent concentrations (15%, 20%, and 30%) in microparticles
containing 2% sodium alginate and 2% starch, and found the
greater viability of L. casei after lyophilization. Likewise, Albertini
et al. (2010) used 10% glycerol and also found the greater vi-
ability of L. acidophilus and B. lactis in microparticles.
3.4. Viability of the microparticles during storage at
different temperatures
For both treatments, the moist microcapsules were inocu-
lated with 109 CFU g−1 probiotic microorganisms and stored
under three temperature conditions for 135 days: room tem-
perature (25 °C), refrigerated (7 °C), and frozen (−18 °C). The
results are shown in Table 3.
With respect to room temperature, the number of viable cells
of L. acidophilus in both treatments remained above 106 CFU g−1,
meeting the basic requirements to confer health benefits
(Burgain et al., 2011; Food and Agriculture Organization of the
United Nations & World Health Organization, 2001). The AHMU
treatment remained stable over 120 days at room tempera-
Table 1 – Viability of the moist microparticles ALGU and
AHMU under simulated gastrointestinal conditions, at
different pH values for a period of 360 minutes.
Treatment/Time
(minutes)
pH ALGU AHMU
0 – 9.78 ± 0.05aA 9.88 ± 0.03aA
5 1.8 4.87 ± 0.04bF 5.50 ± 0.15aE
30 1.8 4.42 ± 0.03aG 4.30 ± 0.05bG
120 1.8 4.14 ± 0.04aH 3.92 ± 0.06bI
125 5.0 4.18 ± 0.05aH 4.06 ± 0.03bH
150 5.0 4.61 ± 0.08aG 4.40 ± 0.07bG
240 5.0 5.51 ± 0.07aE 4.81 ± 0.02bF
245 7.5 6.10 ± 0.09aD 6.07 ± 0.03aD
270 7.5 6.17 ± 0.33bB 6.29 ± 0.06aC
360 7.5 6.11 ± 0.03bC 6.87 ± 0.03aB
Means followed by different uppercase letters differ statistically in
column (Duncan test, p < 0.05). Means followed by different lower-
case letters differ statistically in line (Duncan test p < 0.05). Values
are the means ± SD of triplicates.
ALGU = moist microparticles of sodium alginate; AHMU = moist
microparticles of sodium alginate + Hi-maize.
Table 2 – Viability of the freeze-dried microparticles
ALGL and AMHL under simulated gastrointestinal
conditions, at different pH for a period of 360 minutes.
Treatment/Time
(minutes)
pH ALGL AMHL
0 – 6.65 ± 0.07bA 7.69 ± 0.09aA
5 1.8 4.23 ± 0.05bG 4.61 ± 0.04aE
30 1.8 4.08 ± 0.04bH 4.48 ± 0.07aEF
120 1.8 3.92 ± 0.06bI 4.36 ± 0.03aF
125 5.0 4.23 ± 0.03aG 4.17 ± 0.10aG
150 5.0 4.47 ± 0.04aF 4.22 ± 0.15bG
240 5.0 4.66 ± 0.04aE 4.51 ± 0.07bE
245 7.5 4.87 ± 0.04bD 4.96 ± 0.04aD
270 7.5 5.11 ± 0.04bC 5.37 ± 0.05aC
360 7.5 5.41 ± 0.07bB 5.81 ± 0.04aB
Means followed by different uppercase letters differ statistically in
column (Duncan test, p < 0.05). Means followed by different lower-
case letters differ statistically in line (Duncan test p < 0.05). Values
are the means ± SD of triplicates.
ALGL = freeze-dried microparticles of sodium alginate; AMHL = freeze-
dried microparticles of sodium alginate + Hi-maize.
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ture with improved viability (7.03 log CFU g−1) and showed
significant differences (p < 0.05) compared with the ALGU
treatment.
Regarding the effect of the frozen storage on the viability
of L. acidophilus, it was observed that the microparticles coated
only with sodium alginate (ALGU) lost viability at approxi-
mately 60 days of storage, while the microparticles of the AHMU
treatment remained significantly (p < 0.05) viable over 90 days.
Conrad, Miller, Cienlenski, and Pablo (2000) reported that cell
death after freezing is related to the formation of ice crystals
that lead to structural damage to the membrane, including rup-
tures, resulting in changes in the physiological state of the cells.
Homayouni et al. (2008) produced probiotic capsules with 2%
sodium alginate, 2% starch, and 5% glycerol by using an emul-
sion technique and found viability with counts of 108 and
109 CFU g−1 after 180 days of frozen storage at −20 °C. Kanmani,
Kumar, Yuvaraj, Paari, and Pattukumar (2011) used trehalose
as a protective agent and observed an improvement in the vi-
ability of Enterococcus faecium mc 13 microencapsulated in
alginate microparticles frozen-stored for up to 6 months.
Regarding the refrigerated storage, a significant reduction
in viability (3.08 log) was observed for the sodium alginate
microparticles (ALGU) on day 15. Similarly, the microparticles
containing the prebiotic also presented a significant reduc-
tion (1.65 log). From day 75, the treatment ALGU lost viability,
with counts of 5.89 ± 0.05 log CFU g−1, while the AHMU treat-
ment showed viability up to day 105, with significant differences
(p < 0.05). The opposite results were found by Chavarri et al.
(2010), who encapsulated the probiotic bacteria Lactobacillus
gasseri and Bifidobacterium bifidum using quercetin as the pre-
biotic and observed no probiotic survival at 4 °C after 4 weeks
of storage. By contrast, Mirzaei et al. (2012) evaluated the number
of viable cells of L. acidophilus during 182 days of refrigerated
storage and found that the microencapsulation of these mi-
croorganisms in 2% alginate and 2% resistant starch was able
to maintain the survival rate throughout the storage period.
Table 4 shows the bacteria counts of the freeze-dried
microparticles stored at the three temperatures for 60 days.
Table 3 – Effect of ambient temperature (25 °C), freezing
(−18 °C) and refrigeration (7 °C) on the viability of
microencapsulated Lactobacillus acidophilus La-14, for
different treatments, in the moist form, stored for 135
days.
Temperature Ambient (25 °C)
Treatments/Time (days) ALGU
Log 10 CFU/g
AHMU
Log 10 CFU/g
0 9.78 ± 0.05aA 9.88 ± 0.03aA
15 9.24 ± 0.17bBC 9.61 ± 0.01Ab
30 9.60 ± 0.13aA 9.74 ± 0.19aAB
45 9.07 ± 0.06bC 9.76 ± 0.03aAB
60 9.37 ± 0.04bB 9.92 ± 0.03aA
75 7.63 ± 0.27bD 8.81 ± 0.14aC
90 7.28 ± 0.08bE 8.59 ± 0.06aD
105 6.95 ± 0.05bF 8.35 ± 0.08Ae
120 6.72 ± 0.07bG 8.41 ± 0.03Ade
135 6.53 ± 0.12bG 7.03 ± 0.25Af
Temperature FREEZING (−18°)
Treatments/Time (days) ALGU
Log 10 CFU/g
AHMU
Log 10 CFU/g
0 9.78 ± 0.05aA 9.88 ± 0.03aA
15 7.63 ± 0.05bB 8.89 ± 0.03aB
30 6.33 ± 0.44bD 7.77 ± 0.08aC
45 6.84 ± 0.10bC 7.39 ± 0.05aD
60 5.93 ± 0.04bE 6.88 ± 0.04aE
75 5.75 ± 0.14bEF 6.97 ± 0.03aE
90 5.90 ± 0.05bE 6.91 ± 0.07aE
105 5.77 ± 0.03bE 6.20 ± 0.13aG
120 5.48 ± 0.05bFG 6.33 ± 0.07aF
135 5.35 ± 0.07bG 5.81 ± 0.04aH
Temperature REFRIGERATION (7 °C)
Treatments/Time (days) ALGU
Log 10 CFU/g
AHMU
Log 10 CFU/g
0 9.78 ± 0.05aA 9.88 ± 0.03Aa
15 6.70 ± 0.14bB 8.23 ± 0.19aB
30 6.48 ± 0.08bC 6.73 ± 0.11aC
45 6.10 ± 0.05bD 6.72 ± 0.06aC
60 6.33 ± 0.16aC 6.29 ± 0.05aDE
75 5.89 ± 0.05bE 6.05 ± 0.03aFG
90 5.87 ± 0.02bE 6.40 ± 0.16aD
105 5.37 ± 0.17bF 6.17 ± 0.15aEF
120 5.27 ± 0.18bFG 5.50 ± 0.06abH
135 5.15 ± 0.11bG 5.88 ± 0.05aG
Means followed by different uppercase letters differ statistically in
column (Duncan test, p < 0.05). Means followed by different lower-
case letters differ statistically in line (Duncan test p < 0.05). Values
are the means ± SD of triplicates.
ALGU = moist microparticles of sodium alginate; AHMU = moist
microparticles of sodium alginate + Hi-maize.
Table 4 – Effect of ambient temperature (25 °C),
refrigeration (7 °C) and freezing (−18 °C) on the viability
of microencapsulated Lactobacillus acidophilus La-14, for
different treatments, in the lyophilized form, stored for
60 days.
Temperature Ambient (25°)
Treatments/Time (days) ALGL
Log 10 CFU/g
AMHL
Log 10 CFU/g
0 6.65 ± 0.07Ab 7.69 ± 0.09Aa
30 6.05 ± 0.12Ba 6.21 ± 0.12Ba
60 5.92 ± 0.03Ba 5.96 ± 0.03Ca
Temperature REFRIGERATION (7 °C)
Treatments/Time (days) ALGL
Log 10 CFU/g
AMHL
Log 10 CFU/g
0 6.65 ± 0.07Ab 7.69 ± 0.09Aa
30 6.56 ± 0.02Ab 6.76 ± 0.04Ba
60 5.80 ± 0.06Bb 6.59 ± 0.08Ca
Temperature FREEZING (−18 °C)
Treatments/Time (days) ALGL
Log 10 CFU/g
AMHL
Log 10 CFU/g
0 6.65 ± 0.07Ab 7.69 ± 0.09Aa
30 6.61 ± 0.01Aa 6.54 ± 0.10Ba
60 5.98 ± 0.04Bb 6.05 ± 0.06Cab
Means followed by different uppercase letters differ statistically in
column (Duncan test, p < 0.05). Means followed by different lower-
case letters differ statistically in line (Duncan test p < 0.05). Values
are the means ± SD of triplicates.
ALGL = freeze-dried microparticles of sodium alginate; AMHL = freeze-
dried microparticles of sodium alginate + Hi-maize.
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The initial probiotic counts of the freeze-dried microcap-
sules were 6.65 and 7.69 log CFU g−1 for the alginate
microparticles and microparticles containing Hi-maize,
respectively.
It was observed that the stability of the microparticles re-
mained constant after 30 days of storage at room temperature,
with counts of 6.05 ± 0.12 log CFU g−1 for the alginate
microparticles and 6.21 ± 0.12 log CFU g−1 for the microparticles
containing starch. Pedroso, Thomazini, Heinemann, and
Favaro-Trindade (2012) studied the viability of L. acidophilus mi-
croencapsulated by spray chilling in lipid matrices and found
counts higher than 6 log CFU g−1 after 60 days at 22 °C.
With respect to the refrigerated storage, no significant dif-
ferences were observed for the ALGL treatment within 30 days
of storage, with a reduction of 0.63 log after this period. Al-
though significant reductions were observed for the AHML
treatment within 60 days, viability remained with counts of
6.59 log CFU g−1. Fritzen-Freire et al. (2011) microencapsu-
lated Bifidobacterium BB-12 by spray-drying using reconstituted
skim milk as the coating material and prebiotics including
inulin, oligofructose, and inulin oligofructose and found better
results during storage at 4 °C compared with the microparticles
produced with reconstituted skim milk alone, thus demon-
strating good bacteria viability when associated with prebiotics.
During the frozen storage, the viability of the microparticles
was maintained for 30 days and 60 days for ALGL (6.61 ± 0.02
log CFU g−1) and AHML (6.05 ± 0.06 log CFU g−1), respectively.
Martin (2013) microencapsulated Lactobacillus fermentum
CECT5716 using alginate and starch by using an emulsion
technique. After lyophilization and storage at three tempera-
ture conditions (room temperature, refrigeration, and freezing),
a loss of viability was observed after 2 weeks at room tem-
perature, probably due to moisture, which has been widely
described as having a deleterious effect on the survival of an-
aerobic bacteria. By contrast, the better viability of the probiotics
was observed at 4 °C and −20 °C, with values of 8.51 and 8.66 g
log CFU−1, respectively.
Before the freeze-drying process, the bacteria counts of the
moist microparticles of the ALGU and AHMU treatments were
9.11 ± 0.07 and 9.20 ± 0.03, log CFU/g, respectively. After freeze-
drying, a decrease in L. acidophilus counts of 2.46 and 1.51 log
CFU/mL was observed, respectively. This logarithmic reduc-
tion led to the lower viability of the freeze-dried particles.
Probiotic microorganisms are sensitive to freeze-drying due to
the physiological deterioration of the cells; thus, the absence
of cryoprotectants may have affected these results. Cell vi-
ability after freeze-drying depends on several factors including
the microorganism strain, culture preparation, and efficiency
of the protective agent used during the drying process (Morgan,
Herman, White, & Vesey, 2006).
4. Conclusion
The use of prebiotics positively affected the survival of the mi-
croencapsulated microorganisms in the moist and freeze-
dried microparticles when subjected to gastrointestinal
resistance trials and during storage. However, bacteria viabil-
ity after freeze-drying may have been ineffective. More studies
are needed to elucidate whether the use of technological
coadjuvants such as cryoprotectants are suitable to obtain the
high viability of freeze-dried microencapsulated probiotics.
The microparticles protected the microorganisms against
the simulated gastrointestinal tests, while the moist micro-
particles were more resistant than the freeze-dried micro-
particles. Moreover, both conditions allowed a better release
in intestinal pH where probiotics must act.
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